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Abstract: This research examines important developments in robotics in a number of fields, including
disaster relief, healthcare, and space exploration. The importance of major programs like the Hamilton
Company's MICROLAB STAR platform and NASA's Space Robotics Challenge in improving accuracy,
efficiency, and safety are discussed. By means of stringent assessment standards such as efficiency,
affordability, inventiveness, and performance, the research offers a thorough comprehension of the
advantages and disadvantages of every substitute. Through the application of a methodical process that
incorporates weighted scoring, normalization, and decision matrix analysis, decision-makers are able to
efficiently identify the best choice for their particular requirements. In the end, these developments highlight
how robots have the ability to completely change sectors and enhance human welfare. The significance of
this research lies in its comprehensive analysis of state-of-the-art robotics developments in several sectors.
The study illuminates the revolutionary potential of robotics technology, ranging from healthcare
applications to laboratory automation platforms and robotics for space exploration. The study's evaluation
system offers decision-makers a methodical way to rank robotics innovations according to important criteria
such as cost, performance, usability, and originality. This multidisciplinary investigation advances our
knowledge of how robots promote efficiency, safety, and creativity in a variety of industries.

1. INTRODUCTION

Because human participation has inherent dangers, the deployment of mechanical manipulators is essential in
hazardous situations that contain radioactive threats, such as hotcells. These manipulators are cleverly constructed,;
they usually consist of a master arm and a slave arm that are linked via a through-tube within the radioactive cell's
wall-sleeve. These manipulators provide a large range of motions and are available in many types, each with varying
degrees of freedom, payload capacities, and reach lengths to meet specific needs. Their flexibility and agility make
them essential instruments for jobs requiring safety and accuracy in such dangerous locations. Enhancing the safety
and effectiveness of nuclear plants using an inspection system for Prototype Fast Breeder Reactor (PFBR) Steam
Generators (SG) is a major step forward. This new technology checks the tubes inside the steam generators on a
regular basis using remote field eddy current testing (RFEC). The Tube Locator Module (TLM) is the central
component of this system; it orients to all 547 tubes with remarkable precision, allowing for detailed examination.
The TLM is calibrated by carefully referencing the tube centers using geometric computations, which removes the
requirement for storing a large amount of coordinate data. The system uses Damped Least Squares (DLS) Inverse
Kinematics to guarantee accurate positioning during inspection, improving accuracy and dependability. Moreover,
the use of Python scripting for motion controller programming and simulation simplifies processes, maximizes
effectiveness, and guarantees reliable performance for tube inspection jobs. The Hamilton Company's launch of the
MICROLAB STAR platform, which addresses the drawbacks of earlier platforms, represents a major advancement
in liquid handling technology. This cutting-edge platform incorporates new features including dynamic positioning,
liquid level sensing, monitored air displacement, CO-RE tip connection, and autoload capabilities with ease. Taken
as a whole, these developments improve performance, dependability, and usability especially in the biotechnology
and pharmaceutical industries, where accuracy and productivity are critical. The MICROLAB STAR platform
redefines automation in laboratory settings by combining state-of-the-art technology and optimizing liquid handling
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procedures. This allows researchers and workers to increase productivity and accuracy in their operations. The
monitoring and self-sensing capacities of structural health have been transformed by recent developments in robotics
and additive fabrication of composites. One significant advancement is the incorporation of cutting-edge sensors,
including Fiber Bragg Grating (FBG), into composite materials, which permits real-time, continuous structural
health monitoring. These sensors improve safety and dependability in a variety of applications by providing hitherto
unseen insights into the integrity and performance of load-bearing structures. In addition, there is an increasing
focus on structural health monitoring systems and self-sensing technologies, which allow for the autonomous
identification and evaluation of any problems in composite structures. The use of a proactive monitoring method
guarantees the prompt identification of flaws or damages, so facilitating prompt intervention and maintenance. This,
in turn, prolongs the lifespan and optimizes the performance of composite materials across a range of sectors. The
field of spine surgery has seen a considerable transformation thanks to technological developments in robotics and
navigation, which offer efficiency, safety, and precision. These successes signify a paradigm change from
conventional methods, emphasizing the need to go beyond the drawbacks of the initial spine navigation systems.
Surgeons can now see the architecture of the spine with unprecedented clarity and accuracy because to the
integration of modern navigation technology, which makes accurate surgical planning and execution possible.
Furthermore, a new age of improved efficiency and safety has been brought about by the advancement of robots in
spine surgery. Surgeons can conduct difficult surgeries with more precision and less patient danger thanks to robotic
equipment, which provide them real-time feedback and support.. All things considered, the area of spine surgery has
undergone a revolution because to technological advancements in robotics and navigation, which have improved
patient outcomes and treatment quality everywhere. Robotics has a bright future with many potential uses, from self-
driving automobiles and Mars expeditions to disaster relief and military operations. Technological developments in
autonomy and adaptability are propelling innovation in robotics since these machines are becoming more and more
important in military reconnaissance, exploration, and disaster response. This tendency is best shown by NASA's
Space Robotics Challenge, which aims to advance robotic capabilities for upcoming Mars exploration and
emphasizes the importance of robotics in space exploration projects. But even while robots offers great possibilities,
there are drawbacks, especially in the field of healthcare applications. Robotics has the potential to transform patient
management, surgery, telemedicine, physical and cognitive rehabilitation, and more, but incorporating these
technologies into healthcare systems necessitates resolving safety, legal, and ethical concerns. Effective use of
robots to enhance healthcare results while protecting patient privacy and safety requires striking a balance between
innovation and accountability. Robotics has the potential to transform a number of industries in the future by
providing solutions for a wide variety of uses. Robotics has enormous potential to improve human skills and solve
difficult problems in a variety of fields, including disaster relief, military operations, Mars expeditions, and self-
driving automobiles. NASA's Space Robotics Challenge and other such initiatives highlight how critical it is to
advance robotic capabilities for space exploration in the future, especially for trips to Mars and beyond. But these
potential also bring with them big hurdles, especially for healthcare applications. Robotics presents opportunities for
surgery, telemedicine, physical and cognitive rehabilitation, and patient care; nevertheless, legal barriers, safety
worries, and ethical issues must be addressed before these technologies can be put into practice. Finding the right
balance between innovation and accountability is essential to maximizing robots' promise to improve healthcare
delivery while protecting patient privacy and well-being. The Internet of Things (loT), robots, and artificial
intelligence (Al) are working together interdisciplinary to accomplish reliable and safe operations in a variety of
fields. Synergistic solutions to maximize productivity and improve performance in a variety of applications are
created by fusing Al algorithms with robots and Internet of Things devices. But there are drawbacks to this
partnership as well, especially when it comes to fusing cutting-edge soft robotics technology with traditional sensor
electronics. The effects of robots on healthcare workers also need to be considered, including issues with skill
acquisition, job displacement, and workplace dynamics. The combination of Al, robots, and loT offers enormous
potential to change businesses while maintaining the well-being of persons within these sectors. These problems
may be navigated through multidisciplinary cooperation and imaginative problem-solving.

2. MATERIALS AND METHED

Using weighted product aggregation and normalization, the Weighted Product Method (WPM) is a flexible method
for assessing bids with many attributes. In order to make bid conversion into scores easier, it suggests a unique
scoring function that is derived from bid normalization. The paper also offers two different multi-attribute auction
models, emphasizing scoring guidelines and bidding goals to expedite decision-making. Important insights into the
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best bidding behaviors are offered by research of equilibrium bidding methods based on projected profit. Moreover,
although implementation details are not provided, the paper raises the possibility of combining WPM with the
Analytical Hierarchy Process (AHP) to improve the effectiveness of decision-making. Empirical applications in a
range of areas, including graduate student ranking and house selection, highlight how well WPM works when
dealing with multi-criteria decision-making problems. Additionally, the conversation touches on the creation of
WPM-based Decision Support Systems (DSS), emphasizing its critical function in supporting decision-making
procedures. WPM provides automation of decision-making based on established criteria, assuring both convenience
and accuracy. This is achieved by using the benefits of information systems and DSS, including accessibility,
efficiency, accuracy, and support for decision-making. With real-world uses ranging from choosing the top graduate
students to figuring out who qualifies for community programs, WPM proves to be an adaptable and crucial tool for
decision-making in a variety of settings. A systematic strategy is essential to solving a decision-making challenge
successfully. First, it is necessary to define the relevant criteria for the choice and make sure that they are both
quantifiable and in keeping with the goals that are being pursued. These standards act as a benchmark for assessing
other options. It is therefore essential to give each criterion a weight that represents its relative significance during
the decision-making process.. These weights provide a quantifiable depiction of priorities, regardless of whether
they are based on stakeholder preferences or expert assessment. Normalizing the data promotes comparability
between evaluations, particularly when criteria are assessed on different scales. Fair and uniform evaluation is made
possible by converting unprocessed data into a standard scale. It is possible to get weighted scores for each
alternative once the criteria have been weighted and the data have been standardized. The weighted scores of each
choice are determined by multiplying its performance on each criterion by the relevant weight. The weighted
product of each alternative is calculated from these values by combining the weighted scores for all criteria together.
Lastly, the best option is revealed by ranking the alternatives according to their weighted product scores, with the
one with the highest score being the recommended decision. Using this methodical approach, decision-makers can
make complicated decisions with impartiality and clarity.

Alternatives

» NASA's Space Robotics Challenge

Hamilton Company's MICROLAB STAR platform
Robotic systems in spine surgery

Integration of Al, robotics, and 10T in disaster management
Soft robotics technologies for healthcare applications

YV VV VY

Evaluation Parameters:

» Performance
> Usability

» Cost

» Innovation

Innovation has been sparked by robotics technology advancements in a number of fields, including healthcare,
disaster relief, and space exploration. Future expeditions to examine celestial bodies will be made possible by the
advancement of autonomous robotic systems that can navigate and manipulate things in space, thanks to initiatives
like NASA's Space Robotics Challenge. Similarly, Hamilton Company's MICROLAB STAR platform, which
enables high-throughput sample processing in scientific research and diagnostics, is an example of how robotics and
precision engineering may be combined in the field of laboratory automation. Furthermore, the use of robotic
devices in spine surgery has transformed medical practices by providing improved accuracy and less intrusive
methods for patient care. Beyond terrestrial applications, disaster management stands to benefit greatly from the
convergence of artificial intelligence (Al), robots, and the Internet of Things (IoT). This convergence will make it
easier to monitor events in real time, coordinate responses, and allocate resources during emergencies. Furthermore,
soft robotics technologies which include adaptable and flexible robotic devices made to help with sensitive activities
like patient rehabilitation and surgical procedures are starting to revolutionize the healthcare industry. Taken as a
whole, these developments highlight how robotics has the ability to revolutionize a wide range of industries,
spurring creativity and changing the way people engage with technology in the contemporary world. There are a

Copyright@ REST Publisher 25



Vimala Saravanan et.al / Journal on Electronic and Automation Engineering, 4(3), September 2025, 23-33

number of important considerations when assessing systems or goods, and each is important in deciding the final
outcome. Performance is a fundamental aspect that indicates how well and efficiently a system or product works.
Performance sets the bar for functionality and quality, regardless of the speed at which tasks are completed, the
correctness of the outcomes, or the dependability under trying circumstances. However, usability which includes
elements like accessibility, user interface design, and simplicity of use emerges as a crucial criterion in addition to
performance. Even when a product performs exceptionally well in performance measures, its acceptance and
adoption may suffer if end users find it difficult to use or confusing. Another crucial factor that influences decisions
at the individual and organizational levels is cost. Achieving the best value and return on investment requires
striking a balance between cost concerns and performance and usability. Furthermore, innovation is essential for
advancing and setting oneself apart in the market. Systems or products that push the envelope by adding cutting-
edge features, technology, or methods frequently attract attention and praise, raising the bar for excellence.
Performance, usability, affordability, and innovation all interact to influence customer choice and product
development, directing choices and determining results in a fast-paced, cutthroat market.

3. RESULTS AND DISCUSSION

TABLE 1. Robotics Advancements

Alternative Performance | Usability | Cost Innovation
NASA's Space Robotics Challenge 95.00 90.00 300000.00 | 8.00
Hamilton Company's MICROLAB STAR platform 92.00 88.00 250000.00 | 9.00
Robotic systems in spine surgery 90.00 85.00 350000.00 | 7.00
Integration of Al, robotics, and 10T in disaster management | 88.00 82.00 280000.00 | 8.00
Soft robotics technologies for healthcare applications 85.00 80.00 320000.00 | 6.00

Five significant robotics breakthroughs from a variety of disciplines are compared in Table 1. With a performance
score of 95.00 out of 100, NASA's Space Robotics Challenge leads in terms of efficiency and effectiveness for
navigating and handling objects in space. The MICROLAB STAR platform from the Hamilton Company, which is
well-known for its high-performance capabilities in laboratory automation, comes in close second with a score of
92.00. Both options have excellent usability, scoring 90.00 and 88.00, respectively, although their prices are very
different. At $250,000, Hamilton's platform provides a more affordable option than NASA's $300,000 expenditure.
With a reasonable score of 90.00 in performance and 85.00 in usability, robotic systems in spine surgery are still
competitive while somewhat lagging behind in these areas. However, the implementation of these systems can be
financially challenging because to their greater cost of $350,000. Promising advancements may be observed in the
integration of artificial intelligence, robotics, and the Internet of Things in disaster management and soft robotics
applications for healthcare. Both alternatives provide innovative answers to important problems, scoring 8.00 and
6.00 in innovation, respectively, while having lower performance and usability scores than the others. In the end,
this thorough analysis helps decision-makers choose the best robotics innovations based on their unique needs and
goals.

Robotics Advancements

400000.00
350000.00
300000.00
250000.00

200000.00 » Performan
150000.00 erformance

100000.00
50000.00

0.00 . . ' ‘ . ® Cost
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FIGURE 1. Robotics Advancements

Five significant robotics breakthroughs from different disciplines are compared in Figure 1. In the end, this thorough
analysis helps decision-makers choose the best robotics innovations based on their unique needs and goals.

TABLE 2. Performance value

Performance value
NASA's Space Robotics Challenge 1.00000 | 1.00000 | 0.83333 | 0.75000
Hamilton Company's MICROLAB STAR platform 0.96842 | 0.97778 | 1.00000 | 0.66667
Robotic systems in spine surgery 0.94737 | 0.94444 | 0.71429 | 0.85714
Integration of Al, robotics, and IoT in disaster management 0.92632 | 0.91111 | 0.89286 | 0.75000
Soft robotics technologies for healthcare applications 0.89474 | 0.88889 | 0.78125 | 1.00000

A summary of the performance values for each alternative across many criteria is shown in Table 2. The Space
Robotics Challenge from NASA is the best performer, scoring 1.00000 in every performance category with the
exception of cost, where it receives 0.83333. With a flawless cost efficiency score of 1.00000, the Hamilton
Company's MICROLAB STAR platform closely trails, maintaining outstanding performance values across the
board. While it trails somewhat in cost-effectiveness, robotic systems in spine surgery show great performance in
other categories, especially in terms of innovation and usability. Notable performance values are also demonstrated
by the combination of Al, robots, and 0T in disaster management, especially in cost and usability, demonstrating its
efficacy in tackling pressing issues. The innovative performance of soft robotics technology for healthcare
applications is impressive, indicating their potential to revolutionize healthcare procedures. All things considered,
this breakdown of performance values provides insightful information about the advantages and disadvantages of
each choice, assisting decision-makers in selecting the best one for their unique requirements and goals.

Softrobotics  Parformance value

technologies for
healthcare NASA's Space
applications Robotics
19% Challenge
1%

Integration of
Al, robotics,
and loT in
disaster
management
20%

FIGURE 2. Performance value

A summary of the performance numbers for each alternative across many criteria is shown in Figure 2. All things
considered, this breakdown of performance values provides insightful information about the advantages and
disadvantages of each choice, assisting decision-makers in selecting the best one for

their unique requirements and goals.

Copyright@ REST Publisher 27



Vimala Saravanan et.al / Journal on Electronic and Automation Engineering, 4(3), September 2025, 23-33

TABLE 3. Weightages
Weight

0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25
0.25 0.25 0.25 0.25

The weights allocated to each criterion in the evaluation of the alternatives are shown in Table 3. Each of the four
criteria—Performance, Usability, Cost, and Innovation has an equal weight of 0.25, indicating that these aspects
were fairly taken into account while making the selection. Because of the uniform distribution, all criteria are given
equal weight, allowing for a thorough and fair evaluation of the options. A holistic review that prioritizes
performance, usability, cost-effectiveness, and innovation may be prioritized by decision-makers by giving each
criterion equal weight across all alternatives. This strategy encourages equity and openness in the decision-making
process, empowering stakeholders to make well-informed decisions based on a comprehensive grasp of the
advantages and disadvantages of the available options.

TABLE 4. Weighted Normalized Decision Matrix

Weighted normalized decision matrix
NASA's Space Robotics Challenge 1.00000 | 1.00000 | 0.95544 | 0.93060
Hamilton Company's MICROLAB STAR platform 0.99201 | 0.99440 | 1.00000 | 0.90360
Robotic systems in spine surgery 0.98657 | 0.98581 | 0.91932 | 0.96220
Integration of Al, robotics, and loT in disaster | 0.98105 | 0.97700 | 0.97207 | 0.93060
management
Soft robotics technologies for healthcare applications 0.97258 | 0.97098 | 0.94015 | 1.00000

The weighted scores of each alternative across the criteria are combined to create the Weighted Normalized
Decision Matrix, which is shown in Table 4. Based on performance, usability, cost, and innovation, each alternative
has been assessed for NASA's Space Robotics Challenge, Hamilton Company's MICROLAB STAR platform,
robotic systems in spine surgery, integration of Al, robotics, and 10T in disaster management, and soft robotics
technologies for healthcare applications. A thorough picture of each alternative's performance on all fronts is given
by the weighted normalized scores, which indicate the relative relevance of each criterion.Through the integration of
weighted scores and the normalization process, decision-makers are able to obtain a comprehensive understanding
of how well each choice fits their unique set of requirements and goals. This methodical methodology supports
methodical alternative comparison and assessment, enabling well-informed decision-making procedures.
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Weighted normalized decision
matrix
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FIGURE 3. Weighted normalized decision matrix

The weighted scores of each alternative across the criteria are combined to create the Weighted Normalized
Decision Matrix, as shown in Figure 3. A thorough picture of each alternative's performance on all fronts is given by
the weighted normalized scores, which indicate the relative relevance of each criterion. Through the integration of
weighted scores and the normalization process, decision-makers are able to obtain a comprehensive understanding
of how well each choice fits their unique set of requirements and goals. This methodical methodology supports
methodical alternative comparison and assessment, enabling well-informed decision-making procedures.

TABLE 5. Result of Final Preference score and Rank

Alternative Preference | Rank
Score
NASA's Space Robotics Challenge 0.88914 2
Hamilton Company's MICROLAB STAR platform 0.89136 1
Robotic systems in spine surgery 0.86031 5
Integration of Al, robotics, and IoT in disaster management 0.86705 4
Soft robotics technologies for healthcare applications 0.88784 3

Table 5 offers a comprehensive summary of the relative appropriateness of each choice by displaying the final
preference scores and ranks for each. The MICROLAB STAR platform from Hamilton Company is the clear
winner, earning the highest preference score of 0.89136 and taking the top spot. NASA's Space Robotics Challenge
comes in second place with a preference score of 0.88914, not far behind. With a preference score of 0.88784, soft
robotics technology for healthcare applications come in third place. Robotic systems in spine surgery and the
integration of Al, robotics, and 10T in disaster management finish out the rankings with preference ratings of
0.86031 and 0.86705, respectively, holding the fourth and fifth spots. These preference ratings, which come from
the weighted normalized decision matrix, provide a thorough evaluation of each alternative's performance according
to a number of factors. This helps decision-makers choose the best choice for their particular needs and goals.
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Preference Score
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FIGURE 4. Preference Score

The final preference ratings and ranks for each choice are shown in Figure 4, which offers a comprehensive
summary of each one's relative appropriateness. The MICROLAB STAR platform from Hamilton Company is the
clear winner, earning the highest preference score of 0.89136 and taking the top spot. NASA's Space Robotics
Challenge comes in second place with a preference score of 0.88914, not far behind. With a preference score of
0.88784, soft robotics technology for healthcare applications come in third place. Robotic systems in spine surgery
and the integration of Al, robotics, and IoT in disaster management finish out the rankings with preference ratings of
0.86031 and 0.86705, respectively, holding the fourth and fifth spots. These preference ratings, which come from
the weighted normalized decision matrix, provide a thorough evaluation of each alternative's performance according
to a number of factors. This helps decision-makers choose the best choice for their particular needs and goals.

Rank

Soft robotics technologies for healthcare
applications

Integration of Al, robotics, and loT in
disaster management

Robotic systems in spine surgery

Hamilton Company's MICROLAB STAR
platform

NASA's Space Robotics Challenge

FIGURE 5. Shown the Rank

Hamilton Company's MICROLAB STAR platform is ranked #1 among the alternatives and holds the top spot. Soft
robotics technology for healthcare applications come in third, showing their noteworthy performance and trailing
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closely behind. NASA's Space Robotics Challenge is ranked second, despite an impressive performance. Fourth
place goes to the integration of Al, robatics, and 10T in disaster management; robotic systems in spine surgery come
in fifth, indicating a considerably lesser preference in the decision-making process. This rating helps decision-
makers choose the best solution for their unique needs by providing a clear hierarchy of options based on each one's
overall performance and appropriateness.

4. CONCLUSION

The showcases noteworthy developments and breakthroughs in robotics across a range of fields, including as
healthcare, disaster relief, space exploration, and more. Every technological advancement from the Hamilton
Company's MICROLAB STAR platform to NASA's Space Robotics Challenge and every application from spine
surgery robotic systems to the use of Al, robotics, and 10T in disaster management displays incredible
accomplishments in augmenting safety, efficiency, and precision. Using performance, usability, affordability, and
innovation as criteria, the assessment process provides insightful information about the advantages and
disadvantages of each option. By employing a methodical process that integrates normalization, weighted scoring,
and decision matrix analysis, decision-makers are able to determine which choice best fits their needs and goals. In
the end, these developments highlight how robots has the ability to completely change a number of industries, spur
innovation, and enhance how humans engage with technology. The field of robotics has enormous potential to
transform industries and improve human well-being in the future by overcoming obstacles, encouraging
multidisciplinary cooperation, and encouraging ethical innovation.
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